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Molecular cloning of a ligand for the inducible 
T cell gene 4-1BB: a member of an emerging 
family of cytokines with homology to tumor 
necrosis factor* 


4-1 BB is an tnducibteT cell antigen that shows sequence homology to members of 
an emerging family of cytokine receptors, including those for tumor necrosis 
factor and nerve growth factor. To aid in the analysis of the function of 4-lBB we 
have utilized a soluble form of the molecule as a probe to identify and done the 
gene which encodes its ligand. The ligand for 4- IBB is a type II membrane 
glycoprotein that has homology to tumor necrosis factor, lymphotoxin, and the 
ligands for CD40 and CD27, all of which are themselves ligands to receptors in 
this superfamily. The gene for 4- IBB is on mouse chromosome 4 and maps dose to 
the p80 form of the tumor necrosis factor receptor as well as the gene for CD30. 
The gene for 4- IBB ligand maps to mouse chromosome 17, but considerably 
distal to the tumor necrosis factor and lymphotoxin genes. Interaction of 4- IBB 
with its ligand induces the proliferation of activated thymocytes and splenic 
T cells, a response which is mimicked on similar cell populations stimulated with 
an antibody to 4- IBB 


1 Introduction 

The cDNA termed 4- IBB was initially isolated by a 
differential screening procedure used to identify inducible, 
T cell-specific transcripts [1]* The predicted translation 
product contained a putative signal peptide and a trans- 
membrane domain, raising the possibility 4- IBB might be a 
cell surface receptor for an unidentified ligand. Subse- 
quently, sequence analysis of 4- IBB [2] showed it to be one 
member of an emerging superfamily of transmembrane 
proteins which include two receptors for tumor necrosis 
factor (TNF) [2-4], and a transcriptionally active open 
reading frame (T2) from Shope Fibroma Virus endocing a 
soluble homolog of the type II TNF receptor (2, 5]. In 
addition, this family includes the low-affinity nerve growth 
factor (NGF) receptor [6], the B cell surface antigen CD40 
[7], twoTccll activation antigens, OX40 [8] and CD27 [9], 
the surface antigen FAS, antibodies to which are capable of 
inducing apoptosis [10], and the lymphoid activation 
molecule CD30, which is expressed on the surface of the 
tumor cells of Hodgkin's disease [11]. 

While all of the members of the TNF/NGF receptor 
superfamily have characteristics of membrane-bound 
receptors, only ligands for theTNF and NGF receptors, and 
recently for CD40[12] and CD27 [13], have been identified. 
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Because other members of this family also have character- 
istics of receptors (e.g., monoclonal antibodies directed 
against such putative receptors elidt cellular responses), 
and can be found on celts of the immune system, they 
constitute ideal candidates for use in a search for novel 
imrnunoregulatory cytokines. 

Here we report the use of a soluble form of 4- IBB fused to 
the Fc region of human IgGl as a probe to identify and 
clone its ligand. The 4- IBB ligand (4-iBB-L) is a type II 
membrane glycoprotein , with the carboxy-terminal domain 
extracellular. The extracellular domain of 4-IBB-L shows 
clear sequence homology to the corresponding regions of 
TNF. LT-a (lymphotoxin). LT-p [14] and the ligands for 
CD40 (CD40L) and CD27 (CD27L). suggesting the emer- 
gence of a corresponding family of ligands parallel to the 
superfamily of receptors with which they interact. 


2 Materials and methods 

2.1 Construction, expression and purification of a 
4-lBB/Fc fusion molecule 

PCR amplification was performed to obtain the extracellu- 
lar domain of murine 4-1 BB. The 5' oligonucleotide used in 
this reaction spanned nudeotides 70 to 90 of the published 
sequence [1] and was preceded by an Spe I deavage site. 
The 3* antisense oligonudeotide spanned nudeotides 529 
to 510 and was preceded by a Bgl II deavage site. This 
allowed for its subsequent ligation to a human IgGl 
sequence while maintaining the correct translational read- 
ing frame. The PCR reaction was performed using a cDNA 
template synthesized from RNA derived from an afloreac- 
tiveTcell done (BD 14-20) which had been induced with 
Con A. Following amplification, the PCR product was 
digested with Spe I and Bgl II and gel-purified. The human 
IgGl sequence was obtained by PCR amplification and 
subdoned into Blucscript SK (Strategene).The 4- IBB and 
Fc (Bgl If and Spe I cut) fragments were then combined and 
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Molecular doning of a ligand for the inducible 
T cell gene 4-1BB: a member of an emergo 
family of cytokines with homology to tumor 
necrosis factor* 


4-1 BBrs an indudHeTceS antigen that shows sequence homology to members of 
an emerging family of cytokine receptors, including those for tumor necrosis 
factor and nerve growth factor, lb aid in the analysis of the function of 4-lBB we 
have utilized a soluble form of the molecule as a probe to identify and done the 
gene which encodes its ligand. The ligand for 4- IBB is a type II membrane 
glycoprotein that has homology to tumor necrosis factor, rympbotoxin, and the 
ligands for CD40 and CD27, all of which are themselves ligands to receptors in 
this superfamUy The gene for 4-lBBis on mouse chromosome 4 and maps close to 
the p80 form of the tumor necrosis factor receptor as welt as the gene for CD30. 
The gene for 4- IBB ligand maps to mouse chromosome 17; but considerably 
distal to the tumor necrosis factor and tyiuphotoxin genes. Interaction of 4- IBB 
with its figand induces the proliferation of activated thymocytes and splenic 
T cells, a response which is mimicked on similar ceil populations stimulated with 
an antibody to 4-1BR 


1 Introduction 

The cONA termed 4-lBB was initially isolated by a 
differential screening procedure used to identify inducible, 
T cell-specific transcripts [1]. The predicted translation 
product contained a putative signal peptide and a trans- 
membrane domain , raising the possibility 4-lBB might be a 
cell surface receptor for an unidentified ligand. Subse- 
quently, sequence analysts of 4- IBB [2] showed it to be one 
member of an emerging superfamily of transmembrane 
proteins which include two receptors for tumor necrosis 
factor (TNF) (2-4], and a transcriptionally active open 
reading frame (T2) from Shope Fibroma Virus endocing a 
soluble hornolog of the type II TNF receptor (2, 5]. In 
addition, this family includes the low-affinity nerve growth 
factor (NGF) receptor [6], the B cell surface antigen CD40 
(7], twoT cell activation antigens, OX40 [8| and CD27 (9],. 
the surface antigen FAS, antibodies to which are capable of 
inducing apoptosts [10], and the lymphoid activation 
molecule CD30, which is expressed on the surface of the 
tumor cetts of Hodgkin's disease [II]. 

While all of the members of the TNF7NGF receptor 
superfamily have characteristics of membrane-bound 
receptors, only ligands for the TNF and NGF receptors, and 
recently for CD40 [12] and CD27 [13], have been identified. 
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Because other members of this family also have character- 
istics of receptors (e.g.. monoclonal antibodies directed 
against such putative receptors elicit cellular responses), 
and can be found on cells of the immune system, they 
constitute ideal candidates for use in a search for novel 
imraunoregulatory cytokines. 

Here we report the use of a soluble form of 4-lBB fused to 
the Be region of human IgGl as a probe to identify and 
clone its ligand. The 4-lBB ligand (4-1BB-L) is a type II 
membrane glycoprotein, with the carboxy-terntinal domain 
extracellular. The extracellular domain of 4-lBB-L shows 
clear sequence homology to the corresponding regions of 
TNF, LT-a (lymphotoxin), LT-p [14] and the ligands for 
CD40 (CD40L) and CD27 (CD27L), suggesting the emer- 
gence of a corresponding family of ligands parallel to the 
superfamUy of receptors with which they interact. 


2 Materials and methods 

2.1 Construction, expression aad purification of a 
4-lBB/fc fusion molecule 

PCR amplification was performed to obtain the extracellu- 
lar domain of murine 4-lBB.The 5' oligonucleotide used in 
this reaction spanned nucleotides 70 to 90 of the published 
sequence [1] and was preceded by an Spe I cleavage site. 
The 3* antisense oligonucleotide spanned nucleotides 529 
to S10 and was preceded by a Bgl II cleavage site. This 
allowed for its subsequent ligation to a human IgGl 
sequence while maintaining the correct translation^ read- 
ing frame. The PCR reaction was performed using a cONA 
template synthesized from RNA derived from an aflorcac- 
tive T cell done (BD 14-20) which had been induced with 
Con A. Following amplification, the PGR product was 
digested with Spe I and Bgl II and gei-purirted.The human 
IgGl sequence was obtained by PCR amplification and 
subeJoued into Biucsoript SK (Strategene).The 4-lBB and 
Fc (Bgl II aad Spe I cut) fragments were then combined and 
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inserted into the mammalian expression vector pDC206 
which is a derivative of pDC201 [15]. This vector was 
constructed such that sequences to be expressed are 
inserted into a unique Spe I site and are thus preceded by 
the murine IL~7 signal peptide [16] 

Following construction of the 4- 1 BB/Fc fusion construct in 
pDC206, the entire insert including the murine IL-7 signal 
peptide was excised by digestion with Bam HI and the ends 
filled in with Klenow reagent. This fragment was then 
inserted into the expression vector pDC402 [ 17] at the Sal I 
site, the ends of which had also been blunted with Klenow 
reagent. This vector provides for improved expression of 
the fusion molecule for purification. Supernatants from 
CV-l/EBNA cells (ATCCCRL 104781; [17]) transfected 
with this plasmid were harvested after 7 days and passed 
through a protein G column. The column was then washed 
with phosphate-buffered saline (PBS) followed by clution 
of the bound 4-1 BB/Fc fusion protein with 50 mM glycine, 
pH 3. The pH of the purified protein was then neutralized 
with 2 M Tris buffer. pH 9. 


2.2 Radio labeling and knmu no precipitations 

Purified 4-1 BB/Fc was radioiodinated to a specific activity 
of 2 X 10 15 cpm/mmol with l25 l, using a solid-phase proce- 
dure [2]. 4-lBB/Fc (10 ug), I ma of neutralized Na^I and 
100 ul of PBS were incubated in a 12 x 75 mm glass tube 
previously coated with 5 jig lodogcn (Pierce, Rock ford, IL) 
for 10 min at 4°C The labeled protein was desalted on a 
1 ml P6 (Biorad, Richmond, CA) gel filtration column, and 
stored at 4°C in binding medium (RPMI 1640, 0.1 M 
Hepes, 4% BSA, 0.02% NaN 3 , pH 7) at a concentration of 
5 x 10 K M for up to 3 weeks with no detectable loss of 
activity. 

Methods for labeling of CV-l/EBNA cells transfected 
with either 4-1BB-L plasmid or with plasmid lacking an 
insert have been described [16]. Briefly, adherent cells in 
10 cm plates, 2 days post-transfection, were washed twice 
with PBS, preincubated with cys'/met- RPMI 1640 (GIB- 
CO. Gaithersburg, MD) for 30 min, then cultured for 4 h at 
37 °C in the same medium supplemented with 250 uCt/ml 
f^Slcysteine^^methionine (1:1, ~ 1100 Ci/mmo! each; 
Amersham, Arlington Heights, IL). Supernatants were 
removed, an aliquot mixed with equal volumes of 2 x SDS 
Lacmmli buffer and subjected to SDS-PAGE on an 8-18% 
gradient gel. The gel was developed by phosphori magery 
(Molecular Devices, Palo Alto, CA). EL4 6.1 cells 
(2.5 x 10 7 ) were surface labeled with ,2 *I using the lacto- 
peroxidase procedure [18], then washed three times with 
PBS/0.15 M Nal. The resultant cell pellet was lysed with 3 
volumes of 1% Triton X-10G/PBS at 0°C for 20 min in the 
presence of a cocktail of protease inhibitors (1 mM PMSF, 
1 uM pepstatin A, 10 um leupeptin, 2 mM o-phenanthrol- 
ine and 0.02 U/ml aprotinin), and subsequently microfuged 
for 20 min at 4 X to remove nuclei and cellular debris. 
Surface-labeling of transfected, adherent CV-l/EBNA cells 
was performed in situ (10 cm plates) These cells were lysed 
by addition of 1 ml PBS/1% Triton X-100 and processed as 
described above. Lysates were immunopredpitated with 
protein G. Briefly, 0.5 ml of each lysate was predeared 
twice by incubation with 5 ug/ml of human IgGl and 50 ul 
of a 20% Protein G suspension (Pharmacia, Piscataway, 
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NJ) for 2h at 4°C, then microfuged for 2 min. The 
supernatants were then mixed with either IgG 1 (control) or 
4- 1 BB/Fc at 2 ug/ml for 4 h at 4°C, then microfuged. Pellets 
were resuspended in 100 ul of Laemraii SDS buffer 
subjected to SDS-PAGE and visualized by phosphor' 
imagery. 

23 Equilibrium binding studies 

Equilibrium binding assays were performed as described 
119]. For soluble, chimeric 4- 1 BB/Fc receptor binding to 
surface 4-IB8-L expressed on EL4 cells, serial dilutions of 
l25 Mabeled 4-lBB/Fc ( l2 *I-4 IBB/Fc) were incubated with 
.2.5 X 10* EL4 cells in a total volume of 150 ul of binding 
medium for 2 h at 4°C with constant mixing. For recombi- 
nant , surface 4- 1BB-L expressed in COS-7 cells, the cells on 
10 cm plates (used in transfections) were washed twice with 
PBS, then removed from the plates by treatment with 5 mM 
EDTA, pH 7.4, for 10 min at 37 Cells were washed once 
with binding medium and diluted 50-fold with carrier cells 
(RPMI 1788, previously shown to lack 4-1BB-L) to avoid 
dumping. This mixture was then added to serially diluted 
l2$ I-4-lBB/Fc. Following incubations, duplicate 60 ul ali- 
quots of the suspensions were microfuged for 2 min through 
plastic tubes containing a pthalate oil mixture [20] to 
separate bound and free l25 l-4-lBB/Fc.Tubes were cut, and 
supernatant (free ,25 l-4-l BB/Fc) and cell pellets (bound 
,25 K4-1BB/Fc) were determined separately by gamma- 
counting. Nonspecific binding was determined by inclusion 
of a 200-fold molar excess of unlabeled 4-lBB/rc. Binding 
curves were plotted in the Scatchard coordinate system. 

Binding studies of soluble 4-IBB-L utilized supernatants 
from COS-7 cells transfected with a plasmid which 
expressed the soluble ligand. A soluble form of the 
4-1BB-L was constructed in the pDC206 expression vector 
which utilizes the murine IL-7 signal peptide to promote 
secretion of the soluble 4-1BB-L product which encom- 
passes amino adds 106 to 309.This construct was formed by 
ligating the 840 bp Asp 7 18/Bgl II fragment of the 4- iBB-L 
cDN A to Spc I/Bgl II cut pDC206 DNA in the presence of 
oligonucleotides to reconstruct the amino-terminal portion 
of the extracellular domain of 4-1BB-L and which con- 
tained overhanging sequences appropriate for ligation of 
the DNA. 


2.4 Screening of the cDNA expression library 

Subconfluent monolayers of COS-7 cells on fibronectin- 
treated chamber slides (Labtek) were transfected with 2 ug 
of plasmid DNA from pools of 2000 clones using DEAE- 
dextran followed by chloroquine treatment (17]. The cDNA 
library, prepared from EL4 6.1 C10 RNA, utilized the 
mammalian expression vector pDC20l and has been pre- 
viously described J15J. Three days after transection, the 
slides were incubated with RPMI 1640 containing 25 mg/ml 
bovine serum albumin, 2 mg/ml sodium azide, 20 mM 
Hepes (pH7.2), 50 mg/ml nonfat dry milk and 
I x I0- 9 m-« ,J5 l-4-lBB/Rc fusion protein. After 2h at 
4°Q the slides were washed three times, fixed with 2.5% 
glutaraldchyde in PBS then dried and dipped in liquid 
photographic emulsion as previously described [2 1]. Aftcra 
4 day exposure, the slides were developed and inspected 
microscopically to detect positive cells. 
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23 RN A blot analysis 

Total cellular RN A was isolated by the guantdine isothio- 
cyanate-cesiurn chloride method [22]. RNA was fraction- 
ated on 1.1% agarose-forrn aldehyde gels, blotted onto 
Hybond-N (Arnershara) and UV-crosslinked using a Stra- 
talinker (Strategene). Fillers were probed with a 52 P- 
labeled antisense ri bop robe as previously described [23]. 
As template for synthesis of the riboprobe we used 
pB I uc script SK (Strategene) containing the 840 bp 
Asp 718/BgI II fragment of the 4-lBB-L cDNA. 


2.6 Interspecific back cross mapping 

Interspecific backeross progeny were generated by mating 
(C57BL/6J x M. spretus)Fi females and C57BL/6J males 
as described [24]. A total of 205 N2 progeny were obtained; 
a random subset of these Nj mice were used to map the 
4-1 bb and 4-lbb-l loci (see text for details). DNA isolation, 
retriction enzyme digestion, agarose get electrophoresis. 
Southern blot transfer and hybridization were performed 
essentially as described (25]. All blots were prepared with 
Zetabtnd nylon membrane (AMF-Cuno). The probe for 
4-Ibb, a 680 bp Not I fragment, was labeled with [a- 
^PjdCTP using a random prime labeling kit (Amersham); 
washing was done to a final stringency of 0. 1 x SSCP, 0. 1% 
SDS, 65 °C Fragments of 15.0 and 6.0 kb were detected in 
Bgl 1-digested C57BL/6J DNA and fragments of 7.2, 6.6, 
3.6, and 2.1 kb were detected in Bgl I -digested AS. spretus 
DNA. All four M. 5/ve/us-specific Bgl 1 fragments cosegre- 
gated and their presence or absence was followed in 
backeross mice. 

A description of the probes and RFLP for the loci linked to 
4-1 bb including Gardner- Rashecd feline sarcoma viral 
oncogene homolog (frg), tumor necrosis factor rcccptor-1 
(Tnfr-I) and Sloan -Kettering viral oncogene homolog (Ski) 
has been reported previously (26 J. One locus used to 
position 4-1 bb on the genetic map has not been reported 
previously for this backeross. The probe for the epithelial 
cell kinase (JEck) was a — 3 kb human cDNA from the 
catalytic domain [27]. At high stringency (final wash: 
0.2 x SSCP, 0.1% SDS. 65 °Q, a 6.2 kb fragment was 
detected in Eco RJ-digested C57BL/6J DNA and a 8.4 kb 
fragment was detected in Eco RI -digested M. spretus 
DNA. The presence or absence of the Af. *prr/tts-spccific 
Eco RI fragment was followed in this analysis. 

The probe for 4-lbb-l. a 1200 bp mouse full-length cDNA, 
was labeled by nick translation (Boehringer Mannheim); 
washing was done to final stringency of 0.1 x SSCP, 0.1% 
SDS, 65 *C Fragments of 7.4 and 0.9 kb were detected in 
Hinc If-digested C57BL/6J DNA and fragments of 4.6 and 
0.9 kb were detected in Hinc II-digested M. spretus DNA. 
The inheritance of the 4.6 kb M. spretus-Qpt&ttz Hinc II 
fragment was followed in backeross mice. The probe and 
RFLP for the histocompatibility-2 (H-2) locus have been 
reported [28], The probe for preferred integration site, 
moloncy virus-2 (/Vm-2), was a 1.5 kb mouse genomic 
DNA [29] that detected a 1.9 kb fragment in Msp I- 
digested C57BL/6J DNA and a 2.1 kb fragment in Msp I- 
digested Af. spretus DNA. The Pim-2 probe also detected a 
9.6 kb fragment in Hind Ill-digested C57BL/6J DNA and a 
4.6 kb fragment in Hind Ill-digested Af . spretus DNA. The 
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probe for the vav proto-oncogene (Krv) was a — 2.6 kb 
mouse cDNA [30] that detected fragments of 13.5, 8.0, 6.4, 
3.9, 3.5 and 23 kb in Bam Hi-digested C57BL76J DNA 
and 8.9, 6.4, 4.6, 3.9. 3.6, 2.4 and 1.0 kb fragments in 
Bam HI -digested M. spretus DNA The 8.9, 4.6. and 1 .0 kb 
Bam HI hi. sprerus-spedfic fragments co-segregated and 
were followed in the backeross. The probe for a fes/fps 
related nonreceptor protein-tyrosine kinase (Fer) was a 
- 950 bp rat cDNA [31] that detected 14.0, 3.5, 3.3, 2.8, 
2.0, 1.4, and (l.l)kb fragments in Pvu Undigested 
C57BU6J DNA and 14.0, 4.4, 3.8, 3.3, 2.6, (2.0), (1.4) and 
(l.l)kb in Pvu U-digested Af. spretus DNA. The 4.4, 3.8 
and 2.6 kb Af. sprefitr-specific Pvu II fragments co-segre- 
gated and were followed in this study. Fragments shown in 
parentheses were light in intensity and not visible in all 
samples. The probe for larainin, A subunit (Lama) was a 
1.15 kb mouse cDNA J32] that detected 5.8, 3.6, 3.0. 1.5, 
and 0.92 kb fragments in Taq I-digested C57BL/6J DNA 
and 4.2, 3.4, 2.6. and 1.4 kb fragments in Taq I-digested Af. 
spretus DNA. The 4.2, 3.4. and 2.6 kb fragments co- 
segregated and were followed in this analysis. Recombina- 
tion distances were calculated as described [33] using the 
computer program SPRETUS MADNESS. Gene order was 
determining by minimizing the number of recombination 
events required to explain the allele distribution pat- 
terns. 

2*7 Proliferation assay 

Assays studying the biological activity of the 4-lBB-L 
utilized CV1/EBNA cells which had been transfected with 
an expression vector (pDC402) containing the 4-lBB-L 
cDNA or with empty vector. Three days post-transfection 
the cells were fixed in 1% paraformaldehyde for 5 min at 
4°C and these cells were diluted to various concentrations 
in assay medium. 

Thymocytes from 8- to 12- week-old C67BL/6 mice 
(Charles River) were cultured in flat-bottom 96-weIl micro- 
liter plates (3 x 10 s per well) in 200 ul DMEM supple- 
mented with 10% heat-inactivated fetal bovine serum 
, (FBS) (Hycfone). 10 pM Hepes, 50 um 2-mercaptoethanol, 
I mM sodium pyruvate. 0.5 mM L-arginine, 0.3 mM L- 
asparagine, 14 um folic acid, 100 units/ml penicillin. 
100 ug/ml streptomycin and 2 mM glut amine. In addition, 
the cultures contained 1 ug/ml concanavalin A (Sigma) and 
1 ng/rat recombinant murine IL-2. After two days, wells 
were pulsed with 2 uCi PHJdThd (25 Ci/mmol) for 18 h, 
and then harvested onto glass fiber filters and cpm 
incorporation measured. 

Purified naive T cells were obtained from the spleens of 8- 
to 12- week-old C57BL/6 mice. Spleen cell suspensions were 
prepared and then loaded onto anti-Ig columns (IsoCell, 
Pierce Chemical Co., Rock ford, lL).The nonadherent cells 
were eluted from the anti-Ig columns according to the 
manufacturer's instructions. These eluted cells were exam- 
ined by flow cytometry as described [34] using the CD3 
mAb (500A2-FTTC conjugate, Pharmingen) and the goat 
F(ab') 2 anti-IgM (u)-FTTC conjugate (Tago, Burlingame, 
CA). Single-color flow cytometric analysis revealed that 
these cells were >93% CD3* and <1% surface IgM*. 

For T cell functional assays, purified T cells were cultured 
for 3 days in 96-weIl round-bottom microliter plates at a 


2634 R. O. Goodwin. W. S. Din,T Davo Smith ct al. 


Eur. J. Immunol. 1993. 23: 2631-2641 


density of 1 X HP cells/ml in a 200 ul volume of medium. 
The culture medium was DMEM supplemented with 5% 
FBS, 5 x 10-5 M 2-ME and additional amino acids [35]. For 
proliferation assays, purified T cells were cultured in 
triplicate with a sub-optimal dose (0.05%) of Phytohemag- 
glutinin (PHA-M; Difco) in the presence and absence of a 
varying concentration of fixed CV-l/EBN A cells expressing 
murine 4-1BB-L in a humidified atmosphere of 10% C0 2 . 
The cell-containing wells were pulsed with I uCi of 
PHjdThd (25 CiAnmol) for the final 16 h of culture, cells 
harvested, and incorporated cpm determined by tritium* 
sensitive avalanche gas ionization detection on a Matrix 96 
Direct Beta Counter (Packard. Mcridcw. CT). 


2.8 Sequence analysts 

Nucleotide and protein sequence analysis was performed 
using the Wisconsin Package (36|. Sequences were aligned 
using MALIGNED [37 1. In nonconserved regions, a pat- 
tern-based turn prediction method [38] was used to align 
4-lBB with TNF and LT-a. 


3 Results 

3.1 Isolation and expression of 4-1 BB constructs 

Our strategy for identification of the ligand for 4-1 BB 
involved the construction of a soluble form of the putative 
receptor (encompassing amino adds 24-176; [l]) which 
deleted the transmembrane and cytoplasmic domains. This 
was performed by PCR utilizing as a template cDNA 
synthesized from RNA derived from a murine T cell clone 
which had been induced with Con A. In addition, we had 
previously shown that while a monomeric soluble form of 
the type It TNF receptor bound with low affinity, a dimeric 
Fc-TNF receptor fusion construct bound TNF with at least 
50x higher affinity [39|, consistent with the oligomeric 
nature of the !igand.Thus, to ensure high-affinity binding of 
the soluble 4-1 BB receptor to its putative ligand. and to aid 
in soluble receptor purification, we fused the receptor to 
the Fc portion of human IgGl. Similar receptor fusion 
constructs were used in the cloning of CD40L and CD27L. 
The 4-lBB/R fusion construct was inserted into a mam- 
malian expression vector (pDC206) previously constructed 
such that the expressed protein would be preceded by the 


_ ____ Hec Asp Gin His Thr Leu Asp Val Clu Asp The 11 

^*-CTA ^ AAAGCACGGGCACTGGCGGG AGACGTCKIACrGACCGACCGTGGTA ATG GAC CAG CAC ACA CTT CAT GTG GAG CAT ACC 85 

Ala Asp Ala Arg His Pro Ala Gly Thr Sec Cys Pro Ser Asp Ala Ala Leu Leu Arg Asp Thr Gly Leu Leu Ala 36 
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H ? "if" ^" clcol ! dc Pre*?*' *wno >ci J sequence of murine 4- 1 BB-L. The predicted transmembrane domain is boxed, and «hc 
polyadenylation signal is underlined. Asterisks indicate potential N linked glycosylate sites. 


Ear. J. Immunol. 1993. 23: 2631*2641 

murine IL-7 signal peptide (16] to ensure efficient secretion 
of the desired product. 

While performing PCR reactions to isolate the extracellu- 
lar domain of the 4- IBB receptor, we also performed 
reactions to isolate full-length molecules. In addition to the 
expected full-length PCR product, we observed a band 
migrating faster than the predicted product (data not 
shown). Cloning and sequencing of the PCR product 
revealed it tacked nucleotides 539 to 673 of the published 
sequence |l].Thc predicted protein product of this done 
lacks the transmembrane domain and, thus, presumably 
encodes an alternatively spliced, soluble form of 4- IBB. 

3,2 Isolation of a cDNA encoding the ligand for 4-lBB 
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and B, respectively. l25 I-Ubeled 4-lBB/Fc bound 4-iBB-L 
on EL4 cells with a single class of high-affinity sites 
(Kd = 0.5 ± 0.05 nM; N = 1500 ± 400). The recombinant 
4-lBB-L expressed on COS-7 cells bound the chimeric 
soluble receptor with an affinity very similar to the native 
form (Ki = 0.34 ± 0.05 nM). Binding was saturable in both 
cases, and the affinity numerically similar to most cytokine- 
receptor interactions, including other known members of 
this emerging family (e.g.. TNF, CD27L and CEMOL); [2. 
12, 13, 39]. The affinity measured here presumably reflects 
the intrinsic affinity of the surface receptor for the surface 
ligand on apposing cells, and is consistent with ligand- 
induced receptor cross-linking as the primary activation 
mechanism. 


The purified 4-lBB/Fc fusion protein was used to screen for 
a cellular source of its cognate by two methods- First, the 
possible presence of a secreted, soluble ligand was exam- 
ined by incubating 4-lBB/Fc with ^-labeled cellular 
supernatants, precipitation of the complex with protein G, 
followed by SDS-PAGE and autoradiography. Alternative- 
ly, biotinylated or surface binding of l2 *l-4-lBB/Fc to a 
variety of cell types was employed to detect a surface form 
of the ligand. This latter procedure identified the murine 
thymoma cell line EL4 as a source of a membrane-bound 
ligand. We had previously constructed a cDNA expression 
library using RNA derived from a subclone of EL4 (EL4 
6.1C10) which is enriched for the expresion of the type l- 
receptor [15]. Plasmid DNA from pools of roughly 
2000 transformants of this library was isolated and trans- 
fected into COS-7 cells, which were then screened for their 
ability to bind radioiodinated 4-lBB/Fc using a microscopic 
autoradiographic approach pi]. After screening 200 pools, 
we obtained two pools positive for 4-lBB/Fc binding. The 
cDNA from both were subsequently isolated and their 
nucleotide sequences determined, one of which is shown in 
Fig. I. Comparison of the 4-lBB-L sequence against the 
Gen Bank. EMBL, PIR-Protein and Swiss Prot computer 
databases revealed it is unique, though it does show 
homology to TNF, LT-a. LT-p, CD40L, and CD27L (see 
Sect. 4). The sequence of the clone not shown is identical 
but lacks 34 nucleotides at the 5' end and contains one 
additional adenine residue at the 3' end. Both clones 
contain a single large open reading frame capable of 
encoding 309 amino acids. Hydrophilicity analysis predicts 
a single hydrophobic domain (amino acids 83 to 103). 
Conspicuously absent is a signal sequence, suggesting this 
protein is a type II membrane protein with its carboxy- 
termtnal domain extracellular. This is consistent with the 
presence of three potential N-linked gjycosylalion sites 
present in the carboxy domain (Fig. I), and has been 
confirmed by expression studies (see below) . The extracel- 
lular region of the protein just downstream of the trans- 
membrane domain may also contain O-lmked carbohy- 
drates as it is rich in threonine, serine and proline resiudes 
which are indicative of such modifications.The cDNA also 
contains a polyadenylatton signal, underlined in Fig. 1 . 

3 3 Characteristics of native and recombinant 4-lBB 
ligand 

The equilibrium receptor binding characteristics of native 
and recombinant surface 4-iBB-L arc assessed in Fig. 2A 


We also generated a construct which encoded a soluble 
form of 4-lBB-L, which lacks both N-terminal and trans- 
membrane domains of the protein. The encoded protein 
encompassed amino acids 106-309 of 4-lBB-L and is 
preceded by the murine IL-7 signal peptide to promote 
secretion. Supernatant from cells transiently expressing 
soluble 4-lBB-L could completely inhibit l25 I-4-lBB/Fc 
binding to surface 4-1 BB-L (Fig. 2C). Control supernatants 
from cells transfected with vector lacking insert showed no 
inhibition. 

4 

The molecular weights and oligomeric status of the native 
and recombinant membrane-bound 4-lBB-L. as well as a 
recombinant soluble 4- 1 BB-L, were deduced from the 
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Figure 2. Equilibrium receptor binding characteristics of native 
(A) and recombinant (B) 4-1 BB-L. ,23 l-4-lBB/Fc saturation 
isotherms at left replotted in Scatchard coordinates at right. The 
affinity of soluble receptor for both forms of surface ligand is nearly 
identical. (Q Inhibition Of ll5 l-4-lBB/Fc binding to surface 
4-1 BB-L by COS-7 supernatants expressing soluble 4-1 BB-L 


2636 R. G. Goodwin. W. S. Din.T. Davis-Smith ct al. 


Eur. J. Immunol. 1993. 23: 2631-2641 


Native Recombinant 


A B C O C 



Figure 3. SDS-PAGE analysis of native and recombinant 4-lBB- 
L. EL4 6.1 cclb expressing native tigand. COS-7 cells transiently 
expressing full-length, recombinant ligand (COS/4- IB B-L) and 
COS-7 ceils transacted with vector lacking insert (COS/mock) 
were surface labeled with Detergent solubOized tysates were 
immunopredpitated (see Sect. 2.2) with the following agents, and 
pellets resolved by SDS-PAGE under reducing (panels A, C and 
E) or non reducing (panels B and D) conditions. The gel was 
developed by phosphorimagery. A I: EL4 6.1 + MS monoclonal 
antibody to the type 1 IL-l receptor [61 J; A2: EL4 6-1 + 4-1 BB/Fc; 
A3; EL4 6.1 + IgGl; Bl and C2: COS/4-IBB-L + hulgGl; B2 
and CI: COSM-IBB-L + 4-lBB/Fc; B3 andO; COS/mock + 4- 
I BB/Fc. COS-7 cells transiently expressing a secreted, soluble, 
recombinant 4-tBB-L and COS/mock cells were 35 S-labctcd and 
supcrnat ants immunoprecipitated. Dl and El; COS/mock + 4- 
IBB/Fc; D2 and E2; soluble 4-1BB-L + 4-lBB/Fc; D3 and E3; 
soluble 4-1 B B-L + IgG 1 Molecular weight markers arc shown on 
the left. 


SDS-PAGE analysts shown in Fig. 3. B1A 6.1 cells, 
COS-7 cells transiently expressing recombinant 4-lBB-L, 
or COS-7 cells transfected with vector lacking insert were 
surface labeled with ,2S I, and the-cefls lysed with PBS/1% 
Triton in the presence of protease inhibitors. Lysatcs were 
immunopredpitated with 4-1 BB/Fc and protein G, as well 
as controls, and the washed precipitates elect rophoresed 
through an SDS gel under either reducing or nonreducing 
conditions. The apparent molecular mass of the native 
(Fig. 3A2) or recombinant (Fig. 3Cl) 4-lBB-L under 
reducing conditions was — 50 kDa. The M5 monoclonal 
antibody (Fig. 3A1, positive control) to the type I 1L-1 
receptor could specifically immunoprecipitate the 97 kDa 
receptor from EL4 6. 1 cells; IgGl (negative control) did not 
precipitate proteins from either EL4 6. 1 cells (Fig. 3A3), or 
COS-7 cells expressing recombinant 4-lBB-L (Fig. 3BI, 
3C2). Similarly, 4- 1 BB/Fc did not immunoprecipitate any_ 
protctns from mock-transfected COS-7 cells 
(Fig. 3B3, 3C3). Since the calculated molecular weight of 
4-lBB-L is 34 kDa, at least one of three potential N-linked 
sites, and perhaps the putative Oltnked sites as well, arc 
utilized. Under nonreducing conditions, however, recom- 
binant 4-lBB-L appears at - 97 kDa (Fig. 3B2), suggest- 
ing the ligand is a disulfide -finked homodimer. Similar 
experiments were performed with metabolically labeled 
( 3S S) COS-7 cells transiently expressing a secreted, soluble 
4-lBB-L (C-termmal portion only). 4-lBB/Fc could immu- 
noprecipitate an — 40 kDa protein from supernatants of 
cells transfected with vector containing the insert 
(Fig. 3D2, 3E2), but not from mock- transfected cells 
(Fig. 3Dl,3Ei). IgGl also did not bring down protein 
from supernatants of soluble 4-lBB-L transfectants 
(Fig. 3D3, 3E3). As with the full-length ligand, the soluble 
form under reducing conditions displays a molecular mass 


higher than predicted (35 vs. 21 kDa) and also runs at 
approximately twice this size under nonreducing condi- 
tions. Thus, both full-length and soluble forms of recombi- 
nant 4- IB B-L suggest the C-terminal 200 residues contain 
glycosylation sites and at least one interchain disulfide 
bond , which can generate homodtmers. 


3.4 RNA blot analysis 

Northern blot analysis of 4-lBB-L, shown in Fig. 4, 
demonstrated the presence of a single transcript of approx- 
imately 1.6 kb in various murine cell lines. This size 
correlated with the size of the isolated cDN A assuming a 
poly A tail of 2-300 nucleotides. Transcripts for 4-lBB-L 
were present in the bone marrow stromal cell line Dll and 
in bone marrow-derived macrophages, and transcript levels 
increased in both following induct ion. Transcripts were also 
detected in a thymic stromal cell line termed F4 and in a 
pre-B cell line Abl 1.1, but not in mature B cells. 4-lBB-L 
transcripts were also present in an induced T cell done 
(7F9) but not in the uninduced cells. Many of these cells 
also expressed transcripts for 4-1 BB. and its expression was 
co-regulated with that of 4-lBB-L (data not shown). 

3.5 Chromosomal location of 4-1 BB and 4- IB B-L genes 

The mouse chromosomal locations of the 4-lbb receptor 
and its cognate ligand, 4-lbb-l, were determined by inter- 
specific backcross analysis using progeny derived from 
matings of [(C57BL/6J x M, spreius)^ XC57BL/6jj 
mice. This interspecific backcross mapping panel has been 
typed for over 1000 loci that are well distributed among all 
the autosomes as well as the X chromosome [24]. C57BL/6J 
and M. sprerus DNA were digested with several enzymes 
and analyzed by Southern blot hybridization for informa- 
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Figure 4. RNA blot analysis of 4-lBB-L. transcripts. Polyadcny- 
latcd RNA (2 fig) or total RNA (5 fig; hone marrow-derived 
macrophages. B cells and 7F9) was cfectrophoresed through a 
formaldehyde-containing gel. blotted onto Hybond-N nylon mem- 
branes (Amersham Corporation), and probed with a labeled 
antisense murine 4-tBB-L RNA. 
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live RFLP using probes for 4-1 bb and 4-lbb-l. The 7.2, 6.6, 
3.6 and 2.1 kb M. spretus Bgll RFLP (see Sect. 2.6) were 
used to follow the segregation of the 4-lbb locus in 
backcross mice. The mapping results indicated that 4-lbb is 
located in the distal region of mouse chromosome 4 linked 
to Fgr. Eck. Tnfr-1 (p80), and SkL Although 73 mice were 
analyzed for every marker and are shown in the segregation 
analysis (Fig. 5 A), up to 190 mice were typed for some pairs 
of markers. Each locus was analyzed in pairwise combina- 
tions for recombination frequencies using the additional 
data. The ratios of the total number of mice exhibiting 
recombinant chromosomes to the total number of mice 
analyzed for each pair of loci and the most likely gene order 
are: centromere- Fgr-61% I - Eck-V 130 - Tnfr-1 -0/179 - 
4-1 66-4/190 - SkL The recombination frequencies [ex- 
pressed as genetic distances in centiMorgans (cM) ± the 
standard error] are - Fgr-IA ± 2.9 - Edt-2.3 ± 13 - 
(Tn/r-/, 4-/66)-2.1 ± 1.0 - Ski. No recombinants were 
detected between Tnfr- 1 and 4-lbb in 179 animals typed in 
common suggesting that the two loci are within 1.7 cM of 
each other (upper 95% confidence limit). 

A 4.6 kb M. spretus Htnc ll RFLP (see Sect. 2.6) was used 
to follow the segregation of the 4-lbb-l locus in backcross 
mice. The mapping results indicated that 4-lbb 4 located in 
the middle region of mouse chromosome 17 linked to H-2. 
Pim-2, Vav, Fer and Lama. Although 130 mice were 
analyzed for every marker and are shown in the segregation 
analysts (Fig. 5B), up to 185 mice were typed for some pairs 
of markers. Each locus was analyzed in pairwise combina- 
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tions for recombination frequencies using the additional 
data. The ratios of the total number of mice exhibiting 
recombinant chromosomes to the total number of mice 
analyzed for each pair of loci, and the most likely gene order 
arc: centromere-// -2-25/162 - Pim-2- 11/1 68 - KztMVlSS - 
4-1 bb-t-Vm - Fer-IIYIX - Lama. The recombinant fre- 
quencies (expressed as genetic distances in centiMorgans 
(cM) ± the standard error J are - H-2-XSA ± 2.8 - Pim- 
2-6.6 ± 1.9 - {Vav. 4-lbb-iy\n ± 1.0 - FerAA ± 1.5 - 
Lama, No recombinants were detected between Vav and 
4-1 bb-l in 185 animals typed in common suggesting that the 
two loci are within 1.6 cM of each other (upper 95% 
confidence limit). 

We nave compared our interspecific maps of chromo- 
somes 4 and 17 with composite mouse linkage maps that 
report the map location of many uncloned mouse muta- 
tions (compiled by M.T. Davisson.T. H. Roderick, A. L. 
Hillyard, and D. R Doolittle and provided from GBASE, a 
computerized database maintained at The Jackson Labo- 
ratory, Bar Harbor, ME). 4-lbb and 4-lbb-l mapped in 
regions of the composite maps that lack mouse mutations 
with a phenotype that might be expected for an alteration in 
these genes (data not shown). 

Finally, the distal region of mouse chromosome 4 shares a 
region of homology with human chromosome I (Fig. 5A). 
The fact that 4-lbb does not recombine with Tnfr-1. which 
has been placed on human Ip36.3-p36.2, suggests that 
4-1 bb will also map to human 1, perhaps on the short arm. 
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Figure 5. (A) 4-1 bb maps in the distal region of mouse chromosome 4. 4-lbb was placed on mouse chromosome 4 by interspecific 
backcross analysts. The segregation patterns of 4-lbb and Ranking genes in 73 backcross animals that were typed for all loci arc shown at 
the top of the panel. For individual pairs of loci, more than 73 animals were typed (see text). Each column represents the chromosome 
identified in the _backcross progeny thai was inherited from the (C57BL/6J x M xprcius)F t parent, the shaded boxes represent the 
presence of a C57BL/6J allele and while boxes represent the presence of a M . spretus allele .The number of off spring inheriting each type 
of chromosome is listed at the bottom of each column. A partial chromosome 4 linkage map showing the location of 4-lbb in relation to 
linked genes is shown at the bottom of the panel. Recombination distances between loci in centiMorgans are shown to the left of the 
chromosome, an J the positions of loo* in human chromosomes, where known, arc shown to the right. References for the human map 
positions of foa mapped in this study can be obtained from GDB (Genome Data Base), a computerized database of human linkage 
information maintained by The William H. Welch Medical Library of The Johns Hopkins University (Baltimore. MD).(B) 4-lbb-l maps in 
the middle region of mouse chromosome 1 7.The segregation patterns of 4-lhbA and flanking gene in the 130 interspecific backcross mice 
typed for all loci are shown at the top of panel B. * 
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la contrast, the middle region of mouse chromosome 17 
shares regions of homology with several human chromo- 
somes including 6, 19, 5, and 18 (summarized in Fig. SB). 
Thus, it is difficult to predict the human localization of 
4-lbb-L However, this ligand did not recombine with Vav t 
which has been positioned on human I9pl3.2, and 4-lbbA 
may reside on I9p as well. 


3.6 Biological activities of 4-1BB-L 

Previous studies have shown that T lymphocytes express 
4-1BB [l % 40].We have shown by Northern blot analysis that 
4rlBB is also expressed in activated thymocytes (data not 
shown), suggesting that interaction of 4- IBB with its ligand 
may provide a signal for thymocyte growth and/or differ- 
entiation. To lest this hypothesis, thymocytes from adult 
C57BL/6 mice were grown in the presence of IL-2 plus 
Con A and fixed CV-l/EBNA cells expressing recombinant 
4- 1BB-L, and the proliferative response assayed by thymid- 
ine incorporation. The results shown in Fig. 6A indicate 
that the fixed cells expressing 4-lBB-L induced prolifera- 
tion of thymocytes in a dose-dependent fashion. By 
contrast, fixed CV-l/EBNA cells transacted with a control 
plasmid failed to increase proliferation above the levels 
observed in cells cultured in Con A and IL-2 alone. Soluble 
4-lBB/Fc. but not soluble TNFR/Fc, inhibited the cost inf- 
latory effect of 4-lBB-L indicating the effect was specific. 

A- 2 r 
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Figure 6. Biological effects of 4-lBB-L. (A) Purified murine 
thymocytes (3 x lOVwcll) were cultured for 2 days in the presence 
of Con A and IL-2 with varying concentrations of fixed CV- 
1/EBNA cells transacted with vector alone (•) or with vector 
expressing 4-tBB-L (O). In addition fo fixed cells expressing 
4-lBB-L, cultures also included soluble 4-1 BB/Fc (O) or soluble 
TNFR/Fc (■) at lOug/ml. (B) Purified murine splenic T cells 

{ l ? l ?i^^ CrC cuUurcd for 3 <ky* *«h varying concentrations 
of fixed CV-l/EBNA cells transfected with vector alone (A) and in 
the presence of PHA (■) or with 4-IBB-L alone (O) and in the 
presence of PHA (A.). 
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Thymocyte co stimulation by 4-lBB-L was also observed in 
cultures containing IL-2 alone, but not when cultured in the 
presence of Con A alone (data not shown). 

"E> examine the effects of 4-lBB-L on mature T cells 
purified murine splenicT cells were cultured in the presence 
or absence of a suboptimal dose of PHA (0.5%), with 
varying concentrations of fixed CV-l/EBNA cells trans- 
fected with empty vector or with vector expressing murine 
4-lBB-L. Murine T cells were induced to proliferate in the 
presence of PHA, and this proliferation was augmented 3- 
to 15-fold in a dose-dependent manner by fixed CV. 
t/EBNA cells expressing 4-tBB-L but not by cells trans- 
fected wtth the empty vector (Fig. 6B) When T cells were 
cultured with 4-lBB-L alone in the absence of PHA, no 
proliferation over background was observed (Fig 6B) The 
ability of 4-lBB-L to cost imula te T cell proliferation was 
completely neutralized by addition of 4-lBB/Fc to the 
cultures but not by the addition of human IgGl (data not 
shown). 


4 Discussion 

Here we report the isolation of a cDN A encoding a cognate 
for the T cell-induced antigen 4-1BB. Hydropathy analysis 
of the 4- 1 BB-L sequence , and binding studies with a soluble 
form of the ligand, have shown it to be a type II membrane 
protein with its carboxy- terminal domain expressed extra- 
cellutarly. It was recently reported that 4-1 BB also binds to 
extracellular matrix proteins, and it was suggested that 
these are the predominant physiological cognates [411 
However, this presumably occurs via interaction of re- 
linked carbohydrate on 4-1BB with matrix components. We 
propose, therefore, that the extracellular matrix instead 
may atd in the association of 4- IBB with the membrane- 
bound ligand described in this report. 

Computer searches of the GenBank and EMBL sequence 
databases revealed that 4-tBB-L is unique. However, it 
does show similarity in the C-termina! portion of its 
extracellular domain with TNF and LT-a, as well as with 
CD40L and CD27L, all of which arc iigands for other 
members of this same family of receptors. An alignment of 
the homologous region, which in TNF and LTa has been 
shown to fold in the "jelly-roll" ^-sandwich motif charac- 
teristic of viral capsid proteins [42-44J, » shown in Fig. 7. 
Included in this alignment is the recently cloned LT-j* [14}. 
Though not a ligand for any of the known members of the 
receptor family, LT-P asociates with LT-a to form a 
heteromeric complex on the cell surface fl4,45]. In 
addition, we have recently isolated a cDNA which encodes 
a hgand for CD30 and found it is a type II membrane 
protein that also shows similarity in its C-terminal domain 
to this emerging family of Iigands [46J. 

Among this family of Iigands. 4-IBB-L exhibits the lowest 
level of sequence similarity in the homologous region: 
14-16% identity with the various other family members. 
For comparison, human TNF and LT-a share 36% identity 
in this region, human TNFand CD40L share 26% identity, 
and human TNF and CD27L share 19% identity. Sequence 
similarity occurs primarily among the hydrophobic residues 
in p-strands B, Q D, and I (see Fig. 7), important for 
monomeric and trimeric structural integrity in TNF. This 
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Figure 7. 4-lBB-L sequence homologies. The C terminal domains of 4-lBB-L and other TNF Ugand family members are aligned, 
beginning at the N terminus of mature TNF. Letters B-I indicated ^-strands in the TNF crystal structure. Within the homologous region 
(strand B through C terminus) residues conserved in at least three family members (£>.» not counting conservation between homologous 
ligands in different species) are shaded gray. Cysteine residues are shaded Mack. 


pattern of conservation indicates that 4-lBB-L-has a 
tertiary structure very similar to that of TNF and LT-a, and 
is consistent with an oligomeric form for 4-tBB-L. The 
region between strands D and I is not well conserved and 
can only be loosely aligned, using secondary structure 
prediction techniques. There arc also two conserved resi- 
dues. Leu 164 and Trpl66. in the loop between p-strands B 
and B'. These residues just precede a segment of the loop, 
residues Gin 160 through AJal72, that in TNF is important 
for activity [47 J. The hydrophobic side -chains of Leu 164 
and Trpl66 are buried and appear to anchor this important 
loop in place structurally. 

The C- terminal residues of TNF and LT-a form p-stnuid l/ 
an integral part of the tertiary fold. In 4-lBB-L there are. 
seven extra C-terminal residues; these probably form a 
flexible tail that does not exist in the other family members. 
This putative tail is reminiscent of the N-terminal tails of 
soluble TNF and LT-a (9 and 25 residues, respectively) that 
modulate the biological activities of these cytokines [47], 

Cysteine placement is diverse across the ligand family. Of 
the three cysteines in the extracellular domain of 4-lBB-L, 
the second and third cysteines, both in loops at the same 
end of the p-sandwich, are well-positioned to form a 
disulfide bond. The first cysteine (Cysl37), 9 residues 
N-terminal to the homologous region, is thus probably the 
cysteine involved in the homodimer link. 

* 

The identified ligands for theTNF/NGF family of receptors 
exist in both membrane-bound and soluble forms. TNF, 
LT-p. CD27L, CD30L and CD40L, like 4 IBB L, are 
type II membrane proteins. Although LT-a has a signal 
sequence and is secreted from the cell, it can be found as a 
• membrane-associated form via its interaction with the 
recently cloned LT-p [14, 45]. The only other member of the 


TNF/NGF receptor family of molecules which has identi- 
fied ligands is the NGF receptor. These ligands, which 
include NGF and other members of the neurotrophtn 
family, are secretory proteins that bind to the NGF receptor 
in association with the trk family of receptors (48]. NGFand 
the other neurotrophtns are homologous to one another but 
show no sequence similarity to the TNF family of ligands. 
The structure of NGF has been determined [49], and, 
although it is an ali p structure as is TNF, its topology is 
quite different. 

Another common feature of the ligands for the family of 
TNFYNGF receptors is that they appear to be multimeric. 
TNF and LT-a have both been shown to be homotrimers. 
NGF exists as a 7S complex with the biologically active 
Psubunit being a homodimer (50]. The 4-lBB-L clearly 
exists as a disulfide-linked homodimer (Fig. 3)* The struc- 
ture of CD40L is less clear though recent computer 
modeling studies suggest CD40L may exist as a non- 
covalent horao-trimer [51]. Multimeric forms of the ligands 
would be expected as the proposed mechanism of signaling 
by these molecules is via the cross-linking of their respec- 
tive receptors. 

Chromosomal mapping of 4- IBB demonstrated it was 
located very close to the gene for the larger form of the TNF 
receptor (p80) on the distal arm of mouse chromosome 4 
[26]. Thus, human 4- IBB might be predicted to be on 
human chromosome I like the p80 TNF receptor [52], The 
gene for CD 30 is also closely linked to the p80 TNF receptor 
and 4-IBB, mapping to human chromosome lp36 [53]. The 
p60 form of the TNF receptor and CD27 are also linked to 
each other, mapping to chromosome 12pl3 [52, 54]. None 
of the other members of this family of receptors whose 
genes have been mapped are linked, with the Fas antigen 
mapping to human chromosome 10q24. 1 [55], the murine 
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CD40 gene to the distal region of mouse chromosome 2 
[56), and the NGF receptor to human chromosome 17q21~ 
22 [57J. Nevertheless, the genomic organization of the 
members of this family of receptors further supports the 
hypothesis that they arose via gene duplication of an 
ancestral gene. 

The family of homologous ligands also show some linkage 
with the genes forTNF, LT-a. and LT-0 all tightly linked in 
the major histocompatibility complex on mouse chromo- 
some 17 ( 14 ] .The murine 4- IBB-L gene also maps to mouse 
chromosome 17, but considerably distal to theTNFand LT 
genes and likely resides on a different human chromosome. 
The other identified ligands of this family arc unlinked, with 
the human CD27L gene on chromosome I9pl3 (13 J, and 
the human CD40L on the X chromosome 158). Analysis of 
the structures of the genes for these ligands should aid in 
determining if they also arose by gene duplication. 

The induced expression of both 4-1 BB and its ligand on 
activated T cells suggests that the interaction of these 
molecules may play a role in theT cell activation process. In 
support of this, it was recently shown that cross-linking of 
4- IBB on anti-CD3 activated T cells with an mAb to 4- IBB 
resulted in an enhancement of T cell proliferation f59J. 
Here we have demonstrated that the interaction of 4 IBB 
with its ligand elicits the same response, acting as a 
proliferative co-sttmulus on activated thymocytes and 
splenic T cells. This response is very similar to that gener- 
ated by another member of theTNF family of molecules in 
that both CD 27 and its ligand are expressed on activated 
T cells, and their interaction results in the increased 
proliferation of activated T cells f 13). Thus, recent evidence 
suggests that activated T cells express an emerging panel of 
cell membrane-bound molecules, 'the most carefully stu- 
died secondary signal for which is mediated by CD28 [60|. 
From data presented here it seems apparent that 4-1 BB-L is 
another inducible T cell surface molecule that also contri- 
butes to Tcell stimulation. It will be of interest to 
determine the precise role for each of these receptor-ligand 
interactions in an immune response and what unique 
function they each may play. 
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